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Abstract 
This paper presents the tribological behaviour of epoxy composites containing three different particulate fillers. The RT cured epoxy 
composites subjected to post cure cycle containing particulate Gr, SiC and Gr-SiC of length 25mm and diameter 10mm were the pin specimens 
and EN31 steel was the disc of the computerized pin on disc wear tester. The results show that the synergic effect of hybrid filler Gr-SiC is to 
improve the wear resistance when compared with that of Gr/SiC. The improvement in wear resistance for the composite containing 5%SiC 
35%Graphite is 85% when compared with epoxy, 25% over composite containing 40%Gr and 36% over 40%SiC. The composites containing 
5% Gr and 35% SiC exhibits highest wear resistance.  
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1. Introduction 
Particulate filled epoxy is a preferred choice for non structural application such as polymer bearings, seals, tools made by rapid 
prototyping, under fills and encapsulates. The reinforcing fillers range from particulates of metals, oxides, nitrides, carbides and 
also solid lubricants such as graphite, mica, PTFE and nano size fillers. Improvements in tribological properties were observed 
for epoxy by reinforcing with particulates of 20% alumina [1]. Addition of metallic fillers improves wear resistance of epoxy [2]. 
PTFE reinforced epoxy improves the wear resistance of epoxy [3]. Inclusion of particulates of SiC to glass fibre reinforced epoxy 
reduces the specific wear rate of epoxy [4]. The wear resistance of E-glass filled epoxy was further improved by reinforcing with 
soft particulates of tricalcium phosphate (TCP) and mica [5]. The wear resistance of the carbon fibre reinforced epoxy was 
improved by including SiC particulates [6]. Wear resistance of glass fibre reinforced epoxy improved further by  reinforcing with 
particulates of SiC and graphite [7]. However a combination of micro PTFE and nano Cuo with epoxy led to the increase specific 
wear rates due to poor adhesive property of PTFE [8]. A whisker of potassium titanate reinforced with epoxy improves the 
specific wear rate [9].  Further improvements in wear resistance of epoxy were reported for a combination short carbon fibres, 
graphite flakes and TiO2 nano particles [10]. 
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Specific wear loss of epoxy was reduced for a nano Al2O3 reinforcement grafted by polyacrylamine. A hybrid micro filler 
combination of Al Cu Fe quasicrystal (45-55) μm improved the tribological properties of epoxy [11]. Lowest specific wear was 
observed for epoxy filled with nano Al2O3 grafted by polyacrylamine [12]. Much research has been reported on improvement of 
wear resistance of epoxy with reinforcement of particulate and for fibre reinforced epoxy, addition of particulate filler reduces 
wear further. The previous studies, report very limited work on hybridization of low aspect ratio fillers. It is a well known that 
reinforcing particulate fillers to epoxy  improve wear resistance and  the objective is to find the combination of fillers which 
produces lower specific wear and how fast the composite enters in to stable wear period. 
 
2. Experimental 
 
2.1 Materials 
 
Micro particulates of SiC size less than 60 μm (Gransilica India) and Gr particulates of size 20 μm (SD fine chem. ltd India) were 
the reinforcements. Epoxy resin of type LY556 (RT cure) and an amine hardener HY951 (Huntsman India Ltd) was the host 
matrix. The resin and hardener were mixed in the ratio 10:1 by weight. 
2.2. Specimen preparation 
 
Table 1 presents the Epoxy composite formulations. Fourteen types of test specimens of size 25mm height, 10mm dia were 
casted with different weight fractions of graphite and SiC. The fillers were varied from 10 percent to 40 percent in steps of 10 
percent. The predetermined amounts of reinforcements were preheated to remove any moisture present in it and were dispersed 
in epoxy. The mixtures were stirred continuously until the reinforcements were properly distributed. Hardener was added to the 
mixture with continuous stirring, followed by pouring the mixture in to a prepared mould. The specimens were allowed to cure in 
the mould for 24 hours at room temperature followed by post curing at 500 C for 30 minutes, 700 C for 60 minutes and 850 C for 
120 minutes.  
 
2.3 Measurement of wear and friction 
 
Tribological tests were conducted on a computerized Magnum make Pin on Disc type wear tester under dry sliding conditions. 
The tests were conducted per ASTM G99 standards. The cylindrical specimens of neat epoxy and its composites were tested 
under applied loads of 10-30N in steps of 10N. The sliding velocity chosen was 5.23m/s for a track radius of 0.05m for 30 
minutes.  The wear test data recorded were wear loss and frictional force. Friction coefficient and the specific wear were 
calculated. The specific wear loss was evaluated using the equation  
Nm
mm
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AhW
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S
3*' …………………………………………………. (1) 
Where 'h = height loss of the specimen, mm,  
A = specimen cross section area, mm2 
FN = Normal load, in Newton, Ds = sliding distance, ‘m’ in meters.  
The coefficient of friction is evaluated using the equation 
T
N
F
F P ……………………………………………………………… (2) 
Where FN is the normal force and FT is the tangential force. 
 
2.4 SEM studies on worn surfaces 
 
Scanning electron microscopy was carried out on worn surfaces of composites using Joel make 5600 LV scanning electron 
microscope. The worn surfaces of composites were coated with a conductive platinum layer. The morphology of worn surfaces 
was studied to understand the wear mechanism and to find the effect of reinforcement on epoxy.  
 
3. Results and discussions 
 
3.1 Specific wear  
 
Table 1 presents the wear test data in terms of specific wear and friction coefficient for neat epoxy and its composites containing 
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various fillers, tested under applied load conditions of 10 - 30N in steps of 10N at the end of 9420m of sliding distance. From 
figure 1 it is observed for neat epoxy castings, the specific wear decreases with increased sliding distance and contact load. From 
table 1 and figure 2, for epoxy particulate filled composites containing Gr, SiC and the blend of Gr-SiC, it can be observed that 
with an increase in sliding distance and contact load and increase in % fillers, the specific wear rate decreases. For, 10%, 20% 
and 30% filled epoxies, the hybrid composites of 5S5G-Ep, 5S15G-Ep and 5S25G-Ep exhibits lowest specific wear respectively. 
The epoxy composites having 40% reinforcement have minimum specific wear loss compared to other compositions. Figure 2(a-
g) presents the specific wear loss of epoxy composites having filler loading 40%. For the 40% filled epoxy composites, epoxy 
composites containing hybrid fillers of Gr-SiC exhibits lower specific wear than Gr-Ep or SiC-Ep composites. Further, for Gr-
SiC hybrid epoxy composites, the blends having higher graphite fraction show higher wear resistance than other combination.  
Higher graphite fraction lowers specific wear of epoxy as graphite is a known solid lubricant with layered structure and the 
transfer film developed by it is stiff in nature [13]. The wear of the polymer composite sliding on a metal surface is mainly 
dependent on the formation and stabilization of a transfer film. Solid lubricants like graphite function by forming thin layers on 
the wearing surface [14].The combination 5S35G-Ep having 35% graphite and 5% SiC exhibits lowest specific wear of 0.889 x 
10-5mm3/Nm for 30N load, an improvement of 85 percent over neat epoxy, 36% improvement over 40S-Ep and 25% 
improvement over 40G-Ep an improvement of 25% over 5G35S-Ep which has 35% SiC and 5% graphite. 
 
3.2. Friction coefficient  
 
Figure 3(a) presents the friction coefficient (μ) of unfilled epoxy for contact loads 10, 20 and 30N. Friction coefficient decreases 
with increased load and remains constant through out the sliding distance. The neat epoxy has an average cof of 0.76, 0.71 and 
0.65 for 10, 20, and 30N respectively. The friction coefficient under dry sliding conditions will be high as local temperature is as 
high as the melting point of resin [15]. The higher composition of graphite leads to lowering of cof of hybrid fillers filled epoxy. 
Figure 10 presents friction coeffient of 40% filled epoxy composites following the trend similar to its predecessor. The friction 
coefficient of 0.72 is recorded for 40S epoxy where as for 40G epoxy has a friction coefficient of 0.5. The hybrid composites 
have values in between them. It can be seen from figure 3(b) that for hybrid composites, decrease in SiC content and an increase 
in graphite decrease the friction coeffient of the composite. The lubricating effect of graphite particles can be seen in reducing 
friction coefficient. Addition of fillers to epoxy, improves material stiffness and thermal conductivity of the composites. The 
improved thermal conductivity improves the dissipation of heat in a better manner and hence reduction in cof for filled 
composites compared to neat epoxy [4]. As graphite particles transfer lubricating film [5] on the counter disc, the composites 
with higher graphite content have lower friction coeffient. The other observation is higher graphite composition leads to much 
shorter time to enter stable wear period. The experimental values are presented in table1. 
 
                        Table1. Specific wear rate and friction coefficient for epoxy and its composites under applied loads 10-30N 
 
     Ws(10-5mm3/Nm) Friction coefficient(m) 
% Fillers Code %Ep %SiC %Gr 10N 20N 30N 10N 20N 30N 
 Ep 100 0 0 9.92 8.8 6.14 0.82 0.61 0.68 
10% filled 10S-Ep 90 10 0 6.82 3.58 3.00 0.73 0.74 0.75 
Epoxy 10G-Ep 90 0 10 5.24 3.49 2.91 0.55 0.63 0.57 
 5S5G-Ep 90 5 5 5.00 3.25 2.89 0.62 0.54 0.58 
 20S-Ep 80 20 0 6.24 2.49 1.83 0.85 0.75 0.75 
20% filled 20G-Ep 80 0 20 4.41 1.95 1.52 0.74 0.61 0.66 
Epoxy 10G10S-Ep 80 10 10 4.00 2.75 1.95 0.69 0.53 0.58 
 5G15S-Ep 80 15 5 3.67 2.08 1.44 0.66 0.59 0.57 
 5S15G-Ep 80 5 15 2.67 1.88 1.11 0.66 0.59 0.57 
 30S-Ep 70 30 0 3.91 2.25 1.66 0.81 0.71 0.71 
 15S15G-Ep 70 15 15 3.75 2.17 1.72 0.62 0.56 0.58 
30% filled 30G-Ep 70 0 30 3.16 1.79 1.33 0.54 0.43 0.51 
Epoxy 5G25S-Ep 70 25 5 3.08 1.75 1.39 0.75 0.61 0.57 
 10G20S-Ep 70 20 10 2.83 1.50 1.17 0.69 0.58 0.62 
 10S20G-Ep 70 10 20 2.67 1.46 1.16 0.66 0.58 0.62 
 5S25G-Ep 70 5 25 2.33 1.63 1.11 0.59 0.56 0.53 
 40S-Ep 60 40 0 3.16 1.79 1.39 0.8 0.77 0.72 
 5G35S-Ep 60 35 5 2.92 1.63 1.17 0.65 0.67 0.68 
40% filled 10G30S-Ep 60 30 10 2.58 1.38 1.08 0.69 0.65 0.61 
Epoxy 20S20G-Ep 60 20 20 2.58 1.46 1.06 0.51 0.5 0.59 
 40G-Ep 60 0 40 2.41 1.62 1.19 0.55 0.4 0.51 
 10S30G-Ep 60 10 30 2.42 1.42 1.00 0.70 0.70 0.68 
 5S35G-Ep 60 5 35 2.17 1.33 0.89 0.64 0.55 0.52 
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Fig.1. Effect of sliding distance and contact load on specific wear loss (Ws) of unfilled epoxy 
 
(a) 40S-Ep composite                                                                                              (b) 40G-Ep composite 
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(c) 5G35S-Ep composite                                                                                       (d) 20S20G-Ep composite 
 
0
3
6
9
12
15
18
21
1570 3140 4710 6280 7850 9420
Ds (m)
W
s
(1
0-
5
m
m
3
/N
m
)
10N 20N 30N
0
2
4
6
8
10
1570 3140 4710 6280 7850 9420
Ds (m)
W
s
(1
0-
5
m
m
3
/N
m
)
10N 20N 30N
492   K. Srinivas and M.S. Bhagyashekar /  Procedia Engineering  97 ( 2014 )  488 – 494 
             
0
2
4
6
1570 3140 4710 6280 7850 9420
Ds (m)
W
s
(1
0-
5
m
m
3
/N
m
)
10N 20N 30N
          
0
2
4
6
1570 3140 4710 6280 7850 9420
Ds (m)
W
s
(1
0-
5
m
m
3
/N
m
)
10N 20N 30N
 
 
                                    (e) 10G30S -Ep composite                                                                                             (f) 10S30G-Ep composite 
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(g) 5S35G-Ep composite 
 
Fig.2 Effect of sliding distance and load on specific wear loss (Ws) of 40% filled epoxy composites. 
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(a) Unfilled epoxy                                                                                                     (b) 40% filled epoxy composites 
 
Fig 3 Effect of composition and load on cof of 40% filled epoxy composites for a sliding distance of 9420m 
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3.3. Surface morphology of Wear Track 
 
Figure 4 (a-f) presents the images of worn surfaces of epoxy and 40%filled epoxy composites. All worn surface images presented 
here are for contact load of 30N. Figure 4(a) is an image of neat epoxy which shows severe wear of the surface. Where as for 
filled composites the surface is much smoother as the load is shared by fillers. Epoxy sliding against hard counter face, 
undergoes fatigue wear and is associated with severe damage characterized by the disintegration of the top surface, wear debris 
and deep grooves in the sliding direction [16, 17]. The filled composites show surfaces smoother than epoxy. The worn surface 
image of 20G20S-Ep composite presented in figure 4(b) is less coarse than neat epoxy and scale like debris is seen on surface. 
The worn surface image of 10G30S-Ep shown in figure 4(c) indicates a mild wear compared to its predecessor. The image of 
5G35S-Ep shown in figure 4(d) shows a surface smoother than the previous one. Figure 4(e) is presents the image of 10S30G-
Ep. The worn surface is much smoother comparatively than the previous surfaces due to increased graphite fraction. The worn 
surface of 5S35G-Ep composite shown in figure 4(f) is smooth, has less wear, and free from scars. This surface is associated with 
lowest specific wear compared to other compositions. The reason may be optimum blending of fillers leading to much stronger 
surface which resist the repeated shear loading during wear. Further, it can be concluded that incorporation of fillers to neat 
epoxy reduces the severe wear to a milder one, which is evident from the worn surface images. 
 
3.4. Effect of fillers on wear resistance of filled epoxy composites 
 
The wear resistance, the reciprocal of specific wear of 40 weight percent of particulate filled epoxy composites are presented in 
figure 5 for extreme condition of 30N and 9420m. The filled composites exhibits improved wear resistance than unfilled epoxy. 
The hybrid particulate filled composites have better wear resistance than a composite filled with Gr/SiC. The epoxy filled with 
hybrid particulates of 5S35G has highest wear resistance among all the composites considered.  
 
       
   
                          (a)  Unfilled –Ep composite                               (b) 20G20S- Ep composite                                  (c) 10G30S-Ep composite  
       
                           
(d) 5G35S-Ep composite                           (e) 10S30G-Ep composite                                    (f) 5S35G-Ep composite 
Fig 4 Wear tracks of unfilled epoxy and (Gr-SiC) hybrid epoxy 
 
4. Conclusions 
The tribological study of mono and hybrid particulates filled epoxy composites was studied. The epoxy particulate composite 
containing SiC/Gr exhibits lower specific wear/improve wear resistance. The epoxy hybrid particulate composite containing SiC-
Gr exhibits lowest specific wear/highest wear resistance among the composites. Least specific wear/highest wear resistance was 
exhibited by hybrid epoxy composites for blends having lower fraction of SiC and higher fraction of graphite. The graphite filled 
epoxy and hybrid fillers filled epoxy containing higher fraction of graphite exhibits lower friction coefficient. The epoxies filled 
with 40% fillers have shown minimum specific wear. Among 40% filled epoxy, the hybrid combination 5S35G-Ep exhibits 
lowest specific wear.  
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Fig5. Influence of fillers on wear resistance of 40% filled epoxy 
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